Abstract---
INTRODUCTION
lectrical discharge machining (EDM) is a commonly used non-traditional machining process to produce dies, molds, automotive industry and also surgical components [1] . It was first developed in the late 1940s [2] where material removal is done by series of electrical discharges between tool and the work piece within a dielectric medium [3] . EDM does not make any direct contact between the electrode and the work piece that can eliminate mechanical stresses and vibration problems. In EDM process, electrical energy is converted into thermal energy that creates plasma channel of temperature 8000-12000˚C between the tool and workpiece which is sufficient to melt the workpiece and the tool. The plasma channel spreads and causes and jumping out of the molten materials are jumping out from the workpiece and tool surfaces when a sudden drop in temperature by cutting off the pulse energy. The erosive effect of the electrical discharges is the key role to remove material from the In dry EDM, high-pressure air or gas such as air, oxygen, helium, nitrogen, and argon is supplied through the hollow tool electrode as a dielectric fluid [5] . The gas is injected inside the tool electrode with high pressure, which removes melted material from the working gap and cools down the tool electrode and the workpiece.
The role of the gas is to withstand as insulator and remove the debris between tool and workpiece. It also use as a coolant for tool and workpiece. However, low stability of arc column as compared to wet EDM is the Dry EDM process limitation [6] . First investigation of ND-EDM was carried out by Tambura et al. in 1989 [7] . The near-dry EDM process used a liquid dielectric is replaced by a mixture of gas and liquid dielectric. In 2007, Kao et al. was carried a meeningful investigation to study the effects of the electrode material and dielectric medium for roughing and finishing operations after first investigation. The dielectric is flushing through the hollow tool at high speed on the workpiece surface [8] .
In the present investigation, effect of tool rotating speed to the responses viz. MRR, TWR and Ra of Wet EDM, Dry EDM and ND-EDM were studied. (2) Where, W i and W f are the initial and final weight of workpiece in gm, T i and T f are the initial and final weight of tool in gm, ρ w and ρ t are the density of workpiece and tool in gm/cm 3 and T is the machining time in mins.
The chemical properties of EN-8 steel workpiece and copper tool is shown in Table 1 . The air is mixed with the EDM oil at the MQL system and used as dielectric medium for the ND-EDM. Levels for various process parameters and their selected level are shown in Table 2 The selected response variables for this study are the MRR and TWR. 
III. RESULT AND ANALYSIS
The three-experimental values were taken for each experimental run and average of them were find out. The average response table for MRR, TWR and Ra for Wet EDM, Dry EDM and ND-EDM process is tabulated in the Table 3 .
A. Analysis of MRR
The effect of tool rotating speed to MRR is shown in Figure 1 . It was found that MRR increased slightly then decreased rapidly with the increase of tool rotating speed. This can be occurred due to the effect of interruption on discharge energy by tool rotation for all EDM processes. ND-EDM has higher MRR compared to other EDM process. All the processes have like value of MRR for higher tool rotating speed (nearly at 2000 rpm). Maximum MRR of ND-EDM was found in range of 800-900 rpm of tool rotation speed. 
B. Analysis of TWR
The effect of the tool rotating speed to the TWR is shown in Figure 2 . It was noted that the increased in the tool rotating speed has no effect on the TWR for ND-EDM and Dry EDM. This can be occurred due to the effect of the pressurized gas to cool down the tool electrode and the workpiece. TWR of wet EDM increased with increase of the tool rotating speed. So, Dry-EDM and ND-EDM is mostly preferable for the mass production due to negligible tool wear. 
C. Analysis of Ra
The effect of tool rotating speed to the surface roughness is shown in Figure 3 . It can be concluded from the Figure 3 that Surface roughness (Ra) decreased with increased of the tool rotating speed. Surface the tool rotating speed. Surface roughness Ra value of Wet EDM, Dry EDM and ND-EDM were closed at the higher value of tool rotating speed. This can be occurred due to the effect of the pressurized gas which helps to remove melted material from the working gap and cools down the tool electrode and the workpiece. 
